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Abstract
Introduction The International Maritime Organization and the
European Parliament (EP) have stated that ships must lower
sulphur emissions significantly in a specific region in Northern
Europe, that is, in the Sulphur Emission Control Area (SECA),
where sulphur content in bunkers is not allowed to exceed 0.1
percent. The Nordic companies have been examined some-
what marginally from the point of view of the SECA-directive,
and how it will affect the cost-efficiency of the industry.
Methods The research data contains information about export
to four large European countries that form the biggest markets
in Europe for the case mill. The transport costs (freight costs
per ton) were taken from the mill database on the customer
level. The actual and forecasted mill data was copied into
Excel spreadsheets for analysis.
Results Results of this case study strongly indicate that the
sulphur directive has direct impacts to the economy of the
Nordic bulk industry. When the bunker fuel prices increase
from the year 2015 onward, it reflects directly to sea freight
prices in the SECA-region. This will noticeably increase the
total transportation costs per ton. The sulphur directive will be
an additional cost burden for the Nordic industry, which in
turn is something that from 2015 onward local European pa-
per mills and other manufacturing industries will benefit from.
Conclusions The sulphur directive will probably indicate that
from 2015 onward Central European paper mills and other
manufacturing industries will benefit from outside the tradi-
tional business environment. The impacts of the sulphur di-
rective will vary heavily from market to market and transpor-
tation costs from Finland to Europe can increase by average
more than 20 percent in €/t; this can also be an underestima-
tion. Profitability can drop by tens of percentage due to more
expensive logistics. Logistics costs’ percentage in turnover
will increase in the Nordic countries, but existing low oil price
(2015) will mitigate the expected price increase of theMDO in
the near future.
Keywords Sulphur directive . SECA . Paper industry .
Transportation . Costs
1 Introduction
The European Commission [25] has stated in the White Paper
of Transportation that the current oil-dependent transportation
logistics must decrease emissions noticeably in the future.
Especially the greenhouse gases (GHG) should be at the level
of 60 percent by 2050 (compared to the situation of the year
1990). The latest published Green Paper addresses that the
target value in the GHG emissions should be a 40 percent
reduction by the year 2030 to be cost-effective. The European
Commission (2014) announced that there is a broad consensus
that interim targets for GHG emission reductions will be nec-
essary in order to reach the aspired 80-95 percent reduction by
2050. The directive has a substantial amount of positive im-
pacts on nature and people’s health, yet it also affects nega-
tively on the Nordic bulk industries in the near future, since
production and ship bunkers have to be adapted to be
emission-free as required in the made decisions. The increase
in fuel costs is to be expected.
The purpose of this empirical case study is to examine and
anticipate in detail how these environmental directives affect
the economic performance from 2015 onward, when the emis-
sion restriction directives come into effect. We will research
how transport costs behave in the new bunker fuel situation,
and how its factors influence the profitability of the paper mill
under our study. As it is done from the viewpoint of a large
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exporting mill, this survey may help better understand how
emission reductions stated by the European Commission [25]
and the International Maritime Organization [38] can speed up
an economic transformation in the Nordic export industry.
Generally, the paper industry as a topic has been researched
rather marginally in the Nordic countries from the perspective
of the environmental, economic and transportation aspects put
together. Only a few papers in Nordic research journals have
been published under aforementioned disciplines (see e.g.
[35–37]).
Dennis and Berry [16] highlighted that in order to achieve
significant improvements in environmental conditions, all par-
ticipants in a multimodal transportation network must identify
potential environmental impacts caused by their activities,
monitor their environmental performance, and control or pre-
vent environmental damage through proactive environmental
practices. In their case study, Wuisan et al. [66] claim that the
existing IMO regulations on marine protection are not suffi-
cient enough to uncouple growth in shipping from environ-
mental harm. Even though the focus is no longer limited to
safety and oil spills, ambitious standards are still lacking, and
it may take years before new regulations are adopted and fully
implemented. Wuisan et al. [66] express that enforcement of
regulatory standards will remain a problem as long as there are
no incentives for shipping companies to invest in the best
available techniques and environmental management.
The fact is that ship operations emit into air many types of
pollutants such as nitrogen oxides, col dioxide, sulfur dioxide,
particulate matter, and other hazardous elements. From a ship-
ping company’s viewpoint, aiming to minimize bunker con-
sumption (which reflects on emission) has two implications:
international or local regulations on ship emission must be
fulfilled as well as an image of social responsibility construct-
ed. In order to take emission into account inmodeling, one can
approach it by minimizing the weighted sum of operating
costs and emissions [63]. Ship transportation has been consid-
ered to be the most environmentally friendly transport mode
when compared with other modes globally. Yang et al. [67]
note from a Taiwanese angle that internal green practices and
external collaboration have positive impacts on green perfor-
mance, which in turn helps to enhance company competitive-
ness. However, this comment has no relation to fuel costs,
which form a larger part of ship operating costs.
Paper products are transported to the large export countries
by using obligatory short sea shipping (SSS). There is no
possibility to use any other modes because Finland is an island
from the perspectives of export; 90 percent of the exports are
using the SSS. Therefore the alternative modes were left aside
as to the purposes of this study. In particular, bulk products are
transported to the Europeanmainmarkets by the sea (SSS). To
the eastern markets, such as Russia, paper products are usually
transported by trains. According to a study made by the Uni-
versity of Turku, shipping companies showed that 90 percent
of ship owners will use MDO from 2015 onwards. However,
there also are other fuel solutions such as retrofits to older
ships; so-called scrubbers with HFO, and liquid natural gas
(LNG, in one ferry ship, but several retrofits and new ones are
under construction). Methanol with some modifications and
slow steaming are also usable [33]. However, for several years
ahead, marine diesel (<0.1 % in the SECA) will be the best
fuel solution for vessels.
Song and Dong [55] addressed in their interesting contri-
bution that there is a decent amount of free time and ineffec-
tive waiting due to insufficient vessel capacity; empty con-
tainers may be unavailable, temporarily storing laden con-
tainers may cause demurrage at transshipment ports, there
may be an empty container inventory at ports, or empty con-
tainers may be transported. Drewry [17] notes that reposi-
tioning empty containers has been a huge burden for many
shipping lines, and that the containers have accounted for at
least 20 percent of the global port handling activity 1998 on-
ward. It was estimated that the cost of moving empty con-
tainers around the globe exceeded US$15 billion in 2002
[56]. These unnecessary actions also produce extra costs and
substantial environmental emissions, but there are some chal-
lenges inminimizing themovement of an empty container due
to imbalances in global trade volumes between different coun-
tries and continents. Lindstad, et al. [43] demonstrate in their
contribution that significant cost and emission reductions can
be achieved by varying speed as a function of sea conditions
and freight market. In their model they show that in combina-
tion with accurate weather data, voyage routings that give
significant cost and emission reductions can be defined.
Lindstad et al. [44] present a daring argument in their paper
stating that emissions can be reduced by up to 30 percent at a
negative abatement cost per ton for CO2 by replacing the
existing fleet with larger vessels. However, replacing all ves-
sels can take as long as 25 years, so emissions reduction will
be achieved gradually as the current fleet is renewed. The
argument is based on the idea that the existing HFO bunker
fuels would be used, thus it is rather theoretical when evalu-
ating it from the point of view of the existing situation now in
2014. However, there are also other solutions such as retrofits
to old ships; so-called scrubbers with HFO, and LNG (one
ferry ship, but several retrofits and new ones under construc-
tion). Methanol is also usable with some modifications, and
slow steaming will be used in the Baltic Sea [33]. However,
the marine diesel with low sulphur fuel will be the only real
solution for several yars to come.
As international organizations, the International Maritime
Organization [38] and the European Union [23, 22] have tak-
en active roles in leading marine environmental discussion in
emission regulation. As a consequence, the European ship-
ping industry must substantially reduce air emissions. Deci-
sion makers, that are politicians, have realized that neither
constructing environmental images for shipping companies
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or voluntarily controlling and reducing marine transportation
emissions do not happen so easily, and this is due to cost
increases vs. heavy global competition between cargo ship-
ping companies.
In this study we will mainly focus on the following topics:
& How will the sulphur directive affect sea freights and
transportation costs in 2015 in the SECA-region for a
company and its markets?
& How will changes in logistics costs affect profitability,
separately in four large market areas (countries)?
In this study, the main research topics, logistics and trans-
portation, are understood as synonym; they are seen as a pro-
cess in which the wrapped paper products are transported from
a mill warehouse to customers, particularly in the four case
European countries bymultimodal means. All costs and prices
have been calculated separately for all of the four markets to
expose the interesting variations between the market areas.
The structure of the paper is as follows: Background infor-
mation about the environmental marine directives and envi-
ronmental regulations in ship transportation, which contribut-
ed to the ideas in this study, is presented in section 2. In section
3, a general look at the sulphur directive’s estimated cost con-
sequences to transportation is taken. The used case study
methods, origin of the data, as well as data mining and its
methods are described in section 5. The detailed results, which
are based on an empiric data analysis, are presented in section
6. Discussion and conclusion are summed up in section 7 and
we also introduce some future research topics concerning the
paper industry in the Nordic countries.
2 Discussions on marine environmental directives
The IMO [38] and The European Parliament [23, 22] have
stated that sulphur emissions from ships must be reduced sig-
nificantly in Europe to achieve lower engine inherited emis-
sions. Therefore, the definition of the Sulphur Emission Con-
trol Area (SECA) stated by the IMO is one clear example of
such environmental actions which will deal in aforementioned
means with all ship transportation companies sailing in that
control area. The Sulphur Emission Control Area also covers
the whole Baltic Sea, and the regulation will come into effect
1st January 2015 (Fig. 1). As a result, impacts to nature and
humans should be clearly positive, because in the Control
Area bunker fuel sulphur content will be max. 0.1 percent,
ten times lower than the existing limit of 1.0 percent.
Ships entering this area must change bunker fuel to the
clean Marine Diesel Oil (MDO) or have a combination of
the HFO and scrubbers, which remove extra sulphur from
bunker fuel. Moreover, the ships can use environmentally
friendly Liquid Natural Gas (LNG) as fuel, if their engines
are modified to use it, yet this is not common according to
Acciaro [1]. The World Shipping Council [65] addresses that
international marine transportation produces round 870 mega-
tons of CO2 emissions, which is about 2.7 percent of the
emissions made by human activities (total amount 32 222
megatons) in 2007. The European commercial marine trans-
portation in the SECA-region produced about 40 megatons of
CO2, which was circa 4.6 percent of the global marine trans-
portation. Container ships account for approximately 25 per-
cent of that amount, and they are moving roughly 52 percent
of the maritime commerce by value. For a typical container
ship 2000-2999 TEU, operating in the SECA-region in the
Baltic Sea, emission factor is 20 gCO2 / tonne-km compared
with road transport’s 62 gCO2 / tonne-km [14]. The Nordic
exports are therefore transported by relatively environmental-
ly friendly means even if the transport routes are rather long to
main markets.
Hulskotte and Denier van der Gon [32] present in their
study that seagoing ships at berth consume considerable
amounts of heavy fuel oil as opposed to the expectation that
fuel consumed at berth would mainly be distillate fuel. This in
turn results in higher emissions than are expected, based on
the assumed use of low-sulphur fuels. In the SECA-region
these emissions at ports will be reduced substantially, because
the HFO will not be allowed anymore.
Currently, vessels in the Baltic Sea can use bunker fuel that
has the maximum of 1.0 percent sulphur content, so the new
limit value is ten times less than the existing level. In addition
to the MDO, there are cleaning systems based on scrubber
technology, in which the sulphur is washed from heavy bun-
ker oil in a complicated process. However, the technology is
not yet been considered to be mature and reliable enough.
Moreover, the final operating costs of the scrubbers have not
Fig. 1 Sulphur emission control area (SECA)
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been studied sufficiently enough (see e.g. [11]). Understand-
ably, several ship owners worry that the scrubbers will not
work reliably, especially in the Baltic Sea, where the salt con-
tent is very low, and that it will be hard to make the chemical
cleaning process certain. It has been argued that in continuous
use in the Baltic Sea, scrubber technology will remain unreli-
able due to chemical and technical challenges. Moreover,
maintenance of these installations is quite costly and Bthe
scrubbing process^ needs continuous control at the sea. Even
if the ship-owners made retrofits and used closed scrubbers,
the waste must be left at the ports, and this will add costs. This
concrete and mistrustful view towards scrubbers can be found
from the latest survey of The Ship Owners Barometer cover-
ing 262 ships operating in the Baltic Sea [5]. The ship owners
announced quite clearly (88 % of answers) that they are going
use the MDO as bunker fuel in 1.1.2015. This indicates a
substantial increase in fuel costs in the Baltic Sea Region, as
well as higher sea freights. Certainly, these roughly estimated
price differences go hand in hand with freight unit costs in the
Baltic Sea region. However, the variation of impacts will def-
initely be wide due to differences in the export industries.
Figure 2 addresses how the oil price has developed during
2001-2014. The price has remained at quite a high level until
summer 2014, when the oil prices started to lower very quick-
ly down to 60 USD. In 2001, the average oil price was about
20 USD per oil barrel, and in 2008, at its highest level, about
140 USD per barrel. Due to shale oil production, the United
States has brought shale gas to market and is also exporting a
substantial amount of it, and this has probably prevented oil
price from increasing, as did happen during 2001-2008 [6].
The effect of oil prices on shipping can be directly translated
into increased bunker costs, whereby fuel costs represent as
much as 25 to 60 percent of the total operating costs for a ship,
depending on its type and services [47].
Æsøy et al. [8] and Acciaro et al. [2] address that costs,
availability and technical maturity appear to be the most critical
issues for the success of LNG as a maritime fuel on a larger
scale. The LNG is a solution for the future, because engines
need be modified for this type of fuel, or new fleet built from
one vessel to the next. It is good to remember that bunkering of
the LNG is not possible at the moment, other than in rare places
in the Baltic Sea region. Nevertheless, it is expected that in the
future a substantial amount of ships will be built to use clean
LNG as fuel, and the type can be considered to be environmen-
tally sustainable then as well. However, the LNG usage will also
be dependent on which price levels will subside on the long run.
Acciaro [1] note that although investing in the LNG is not eco-
nomically sensible as of today, even in the case of the stringent
ECA regulation, a valid strategic option is to defer the invest-
ment decision and gain a better insight into the development of
the fuel market. Depending on the remaining economic life of a
vessel, technological developments, and change in fuel differen-
tials, deferring investment in the LNG to the near future might
be an optimal strategy. Acciaro [1] point out that nowadays only
a handful of vessels use LNG, in addition to approximately a
hundred LNG-carriers. It is obvious that such new technology,
when comparedwith some 100 000 diesel-fuelled ships, is yet to
reach its full maturity, even though the SECA regulation may
have an effect on favoring the LNG technology development.
The SECA-decision will increase discussions among the
Nordic export industries about new, alternative and relevant
multimodal transport routes, which will be cost-efficient and
capable of handling and transporting large cargo volumes reg-
ularly. One possible new export route from Finland could be
Fig. 2 Development of the oil
price 2001-2014 [19]
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the railway connection Baltic Corridor from Tallinn to War-
saw (AECOM [3, 4]. Hilmola [29] addresses that as to sea and
rail routes, there are peculiarities in the Baltic Sea Region, and
thus it would seem that dominance of road continued. Hilmola
argues that the aforementioned is caused by an additional cost
burden (railway payments and sulphur restrictions to sea) cov-
ered by these two alternative modes. Thus, the amount of
funds gathered through environmental and infrastructure pay-
ments increases, yet it is not likely that these alone would
change modal shares. Relevance of these new routes should
be anticipated carefully. Accurate forecasting has failed being
strong. Instead, it has been a real challenge, especially for the
Finnish paper industry [36].
Some researchers have forecasted that large cargo volumes
could be transported through the Arctic ports (e.g. Mur-
mansk), yet for example, container handling in the port of
Murmansk is not really a realistic option at the moment [50].
This route from Rotterdam to Sanghai is 30 percent shorter
than the one through the Suez channel. The usage of the
Northern Sea Route (NSR, called from Russian perspectives)
has increased substantially during the last year, and the trend is
rising, yet volumes are still slow. In their interesting system
dynamicity model, Hilmola and Lorentz [30] examined the
role of confidence, and how actions of authorities can make
disruptions in well-functioning supply chains inside a very
short time period. Therefore, the new transport routes should
be examined carefully beforehand from a managerial point of
view. Volumes in a bulk industry, such as paper manufactur-
ing, are huge, and there have been forecasts about the contin-
uously lowering demand in the Western European markets, so
new markets and growing Asian markets and routes interest
the Nordic export industry substantially.
3 Anticipated cost consequences of the sulphur directive
The MDO price levels in 2015 have been under discussions,
lately especially in the Nordic countries, because of the
SECA-decision. Experts have presented many forecast calcu-
lations in order to anticipate a correct MDO price-level for
2015 [59, 21, 60]. Problematic for logistics providers is that
there are large variations in these MDO-price estimations. For
example, Notteboom et al. [47] claimed in their study that the
price of the MDO could increase from 25 percent up to 200
percent in 2015 in comparison with the existing bunker prices.
Analogically to the previous articles, the European Maritime
Safety Agency [21] crystallized in their forecasting study how
the sulphur directive can impact marine transportation in the
SECA-region:
1. The MDO will be more expensive (prediction: about 60–
70 % more expensive than 1.0 % of oil; price difference
largely the same).
2. Modal shift implications uncertain; some short sea routes
may be affected, also in the Baltic Sea.
3. Wider benefits for environment and health; rules are clear-
ly cost-effective.
4. Scrubbers and the liquefied natural gas (LNG) are feasible
and cost-effective alternatives as fuel solutions; however,
the timetable is open.
5. Medium-range routes will to be affected harder, general
cargo and container ships as well, and low-value goods
will be more vulnerable to fuel price increases.
These realistic comments from the EMSA are anticipating
logistics challenges in the Northern Europe, because availabil-
ity of alternative transport routes and means is very limited.
The impacts of the SECA can vary substantially from industry
to industry, and frommarket to market as well [34]. Moreover,
the positive impacts received from feasibility studies have not
convinced the Nordic stakeholders (see e.g. [59]). The prob-
lem is realized when fuel prices are compared. Recent raw oil
price development in the second half of 2014 and at the be-
ginning of 2015 has been very positive from ship-owners’
perspective: price of oil barrel is round 50 USD/barrel [49].
How long this development will last, and how will it impact
the MDO prices are largely uncertain. The current price of the
MDO (0.1 %), according to Bunkerworld [13], is circa 600 $/
mt, and compared with the HFO price (1.0 %) 335 $/mt thus
nearly 100 percent more. Nevertheless, this existing low oil
price will strongly mitigate the expected price increase of the
MDO in the near future. Furthermore, there are strong argu-
ments seen from long-term perspectives that the oil price will
start to rise again in the coming years [49] due to a strong
global demand, especially in Asia.
The Swedish research company Sweco [58] has forecasted
a total drop of 9 percent in demand for freight transport in
Sweden for 2015, mainly due to the SECA decision. The
company anticipates that demand for maritime freight trans-
port will fall by 21 percent, and heavy road transports by 8
percent, while still expecting rail freight transport demand to
increase by 11 percent. The total drop in freight transport
demand would be dramatic and similar in comparison with
the 14 percent fall in demand after the financial crisis during
2008. Overall in the Nordic countries, the cost impacts to the
whole export sector logistics chain from ports to sea freights
will be large, and the cargo volumes lower. The existing ser-
vice providers in the logistics chain have to compete more
heavily in the logistics market. The sulphur directive may in
the long run change the industrial structure in the Nordic re-
gions from heavy products to lighter and more expensive ones
per weight unit.
The SECA-decision and transportation together are an in-
teresting research topic. The 2008 Nobel Prize winner,
Krugman [41] addresses that in a world characterized by both
increasing returns and transportation costs there will be an
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obvious incentive to centralize manufacturing close to the
largest market. The simple reason for this is that by locating
the production near the larger market, one minimizes transpor-
tation costs. The SECA-decision has already influenced the
regions in question, especially exporting companies that are
not static entities. The SECA-directive has addressed that the
business environment can radically and quickly be trans-
formed with decisions made by the EU Parliament, not only
by demand development or changes in consumer behavior.
A challenge also rises from estimating the supply-demand
balance of the different distillates such as the MDO and the
HFO in the European markets. The Swedish Forest Industries
Federation [59] is concerned that these environmental direc-
tives are unfair to the Nordic industry, and as a result, the
sulphur directive may have serious impacts on the competi-
tiveness of the Northern European heavy industry. A represen-
tative group of British marine, industry and logistics re-
searchers addressed its concerns in a critical report [31] noting
that as an economic impact on all marine traffic in the SECA-
region, the sulphur directive may bring heavy additional costs.
We have to keep in mind that from 80 to 90 percent of the
Nordic industry production is transported to Europe through
short sea shipping routes, which go through the SECA-region.
4 Background for the case study
The impacts of the SECA-decision will be estimated through
the case data, which was obtained from one large paper mill
located in Finland. Yin [68] addresses that there is a distinctive
demand for composing case studies, because there is a need
for understanding the complex phenomena. The complexity
refers to something which is otherwise difficult or impossible
to understand. It can be rather challenging to research how an
environmental decision, such as the SECA, affects an export
industry’s economy without a case study. Case studies are
preferred in studying contemporary events where relevant be-
havior cannot be manipulated [68]. Therefore, the results can
be considered reliable and generalizable to some scale, yet not
necessarily seen as statistical samples. Case study can be ei-
ther quantitative or qualitative or a combination of both, which
means that the research data can be either numeric or system-
atically classified qualitative data with no numeric values [28].
Case studies are often done for a specific target group, whose
knowledge and understanding of the phenomena the study
aims to increase [57]. This is a natural and relevant observa-
tion, because all sciences usually have their own audiences
and research journals to publish studies in. Eisenhardt [20]
defines a case study as Ba research strategy, which focuses
on understanding the dynamics present within single settings.
This refers to the situation where things are under constant
change and a case study offers a possibility to examine im-
pacts of the change.^ According to Easton [18], case studies
offer the possibility of exploring specifically defined problems
which otherwise could be difficult to examine. Because a case
study is not a sample in the statistical sense, the expression of
uniqueness is important to understand [53]. Generalizations
are not easy to make. The researcher should be aware the type
of a case the objective of the study is: critical, typical, unique,
revealing, future-oriented, extreme, or longitudinal [26, 68].
Lewis [42] considers that iterative triangulation employs sys-
tematic iterations between literary review, interviews, case
evidence, and intuition. Flyvbjerg [26] notes that case studies
can provide microeconomic discoveries, which cannot be ac-
quired through other methods [45]. Ballou [9] reminds that the
acquisition of correct and reliable data is crucial to the suc-
cessful practical application of any model. Even the best mod-
el, if implemented with incorrect data, will produce false
supply/demand chain configurations. According to Baxter
and Chua [10], one of the greatest practical challenges in
making a case study research is the lack of access to reliable
data. Yin [68] highlights that conducting a case study lies in
the desire to reveal complex conditions. The case mill, as all
Nordic mills, deliver manufactured paper tons to markets
where they are able to sell their products in the lowering trend.
The selected four research countries do not have measurable
reciprocal effects or dependencies in the paper deliveries. All
economic figures are presented out for research purposes. Due
to reliable and valid data from the case mill, this examination
gives an opportunity to make certain generalizations about the
research results and contribute to the supply chain costs re-
search concerning the Nordic paper mills.
5 Paper mill as a research target
In this paper, we utilize the mill data to present the impacts of
the environmental regulations on the Nordic industry, because
the forest sector is still one of the key industries in Finland and
Sweden. Since 2002, the Nordic paper mills have been facing
particularly challenging times as to their existence and opera-
tion [36]. The paper companies have closed over 30 machine
lines in Finland, including several paper mills [36]. During the
past 10 years, the economic situation in the Nordic paper
industry has been affected by the lowering demand and over-
capacity [36, 27].
Hämäläinen [36] addressed that there are heavy fluctua-
tions in paper deliveries at customer levels, and these varia-
tions make logistics planning rather difficult. Intermediate
warehouses must be utilized, which is probably one reason
for long warehousing times [40, 39]. However, observed from
the logistics point of view, the Nordic countries have built
well-functioning transportation systems when compared with
many other countries located in Europe (World [64]). A prob-
able reason for this is the long tradition of sea freight trans-
portation in the Nordic countries year-around, from icy to free
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water conditions. The value of forest products was approxi-
mately half of the total exports in 1995, and in 2013, it was
still around 20 percent [27]. In many Finnish rural areas, tim-
ber harvesting companies together with local paper mills are
still some of the most significant employers. The mills are
located mainly in the southern parts of Finland and close to
ports, and they needmultimodal transportationmeans to trans-
port paper products to the European markets. The EU market
is fairly large, immensely concentrated, and behind a short sea
route when analyzed from the Nordic logistics perspective.
The Nordic paper mills are normally integrated sites, which
consist of pulp processing, paper manufacturing, and a com-
plex mixture of converting, warehousing, transportation and
cost management functions. This value chain covers the
process functions from timber yard to end customers ([35,
36] and c).
Paper export from the Nordic countries to the European
markets occurs in many stages: storing at a mill’s warehouse,
a short domestic truck or train transportation to a domestic
port, a short sea transport, intermediary converting and
repackaging, intermediary warehousing, and finally, local
transportation to customers. The paper rolls are normally put
in containers at the port when taking products to these four
countries. The transport costs (freight costs per ton) were tak-
en from the mill database on the customer level.
In Europe, there can be several distribution centers, where
consignees pick up their rolls when they are needed in printing
production. Many Eastern European printing houses or
wholesale firms can pick up their paper packages directly
from a paper mill by a semitrailer truck, and transport products
by roads to their own warehouses [36].
The Nordic paper machines could stay in competition by
being efficient in the overall logistics, and Hämäläinen [36]
addresses that faster transit operations in warehousing could
easily generate direct cost savings amounting to 2–4 percent in
annual turnover. However, the SECA-decision will threaten
logistics processes due to increasing costs in the essential
transportation component, bunker fuel, which in turn have
direct impact on sea freight costs.
5.1 Case data and the forecasting method
The target of this research study is a paper mill located in
Southern Finland, quite close to an exporting port. The site
manufactures all of its products locally, but acts very glob-
ally because of the export dependency; it transports its final
products mainly to the European markets (70%), and about
ten percent to domestic customers. The longitudinal data
covers the period between 2001–2009, and the authors ob-
tained it from the case mill’s cost management SQL-
database (see [35, 36] and c). This quantitative database
stores the mill’s past and present production, economic and
logistics information, which is controlled by official authors.
All the statistics are reported in the mill’s annual economic
reviews. The database covers fixed and variable costs as
well as geographical aspects, such as transportation costs
and paper prices to points of destination. These figures have
been transformed into a single large dataset, and it is based
on packed net tons and euros. The parameters are calculated
mainly in €/t or in percentages, which gives the possibility
to make relevant comparisons. The results of the calculations
are shown as ratios to maintain business confidentiality. The
key objective is to determine the relevant value-added fac-
tors. From the viewpoint of triangulation, a number of dis-
cussions with the logistics management of the case mill as
well as with mill management of another large paper com-
pany were carried out. These discussions helped significant-
ly in focusing the research on relevant topics. The research
data contains information about export to four large Europe-
an countries that form the biggest markets in Europe for the
case mill. The transport costs (freight costs per ton) were
taken from the mill database on the customer level. The
paper rolls are usually put in containers at the port when
taking products to these four countries. The ships can be
either Ro-Ro ships or containerships depending on the ship-
ping line. The countries are all coastal countries to which the
mill’s paper products are transported from Finnish harbors
by short sea routes.
The method is presented below to show how reliable re-
search data was generated for forecasting calculations in order
to simulate the situation in 2015:
1. From the dataset acquired (years 2008-2009) we forecast-
ed transportation costs for 2015. From the Nordic coun-
tries to Europe, the transportation costs correlate strongly
with oil prices, and we estimated the costs to be at the
level of 2007. The forecasted oil price for 2015 [13] gives
a relevant and reliable base for this assumption. Naturally,
the recent development of oil prices diminishes the pres-
sures to increase low-sulphur fuel prices.
2. We also compared and reflected the mill quality paper
prices with the prices from the Official Statistics of Fin-
land [48] and the RISI [51], which both present the latest
market paper prices in Europe. The prices have stabilized
at the level of 2008-2009.
3. We calculated and estimated the variable and fixed costs
by utilizing the Finnish official statistical data series from
2000-2014 and the mill values from 2009. Figure 3 shows
that the Finnish paper mills have been able to stabilize
manufacturing costs on the 2008 - 2009 level. Interests
and depreciations are estimated to remain at the same
level as in 2009 during the whole research period, thus
these have no impact on profits. So in our simulations,
when forecasting impacts bunker price as well as logistics
and sea transportation costs have on profits and turnover,
we have assumed that fixed and variable costs in total
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have not changed. The official statistical figures also dem-
onstrate and support this argument. Of course there is
obviously variation between paper mills. When we ob-
tained the fresh sales prices from the RISI [51] we noticed
that sales prices of qualities made by the case mill were
also at the same level than during 2007-9.Moreover, these
topics were checked by the interviews with the case mill
financial manager and production managers. Therefore,
bunker prices, and thus transportation costs, have been
estimated to have direct impact on mill’s profits and
turnover.
Schinas and Stefanakos [52] wisely caution to avoid mak-
ing planning in the marine sector based on statistical as-
sumptions or historical data. In this study we have utilized
the historical data of one mill to a certain extent. We mod-
ified these figures with forecasting tools and methods in
order to estimate price values and demand in 2015, based
on articles provided by the Official Statistics of Finland,
forest and oil industry experts, and on the development of
transport indexes.
The actual and forecasted data was copied into Excel
spreadsheets for analysis. In the datasheets we calculated the
anticipated values, and thus created the figures. In our analysis
we focused on how transportation costs and sea freights im-
pacted profitability. All economic figures were reported out in
ratio, for research purposes only. By using real data, our study
attempts to estimate how the sulphur directive (in the SECA-
region), as a new cost function, will impact logistics costs, and
thus profitability of the Nordic case export company. The
authors of this study try to reveal how the decisions of the
European Commission as an environmental lawmaker, with
a purpose to lower sulphur air emissions, can impact econom-
ic performance at company and market area levels.
6 Findings and results
In this section, by using the empirical research data we reveal
how the recent environmental decisions (see [23, 22], Euro-
pean Commission 2014, [38]) can impact the Nordic export
industry. Since the results received from the case data have
been generalized, we remind the reader to be cautious. This is
because generalization must be based on theory too, not just
the results received from the case data.
Our research data was obtained from a typical export mill
located in the countryside in Finland, behind multimodal lo-
gistics phases. The case company is exporting around 90 per-
cent of its total production by using truck/train – short sea
shipping – truck modes to get its products to the European
markets. The European market covers about 70 percent of the
total sales of the mill, and the four countries represent about
half of the deliveries to Europe. Figure 4 highlights how trans-
portation costs (€/T) to the four largeWestern European coun-
tries have developed on country-level from 2001 to 2009.
When comparing transport cost development to oil price
change (Fig. 2.) we can note that the trend is rather analogue.
By averagely, the increase in transportation costs is less than
20 percent, even though the variation is large between these
four markets due to different modes and modality. Country 1
is actually located the closest and country 4 the farthest from
the mill, when distance is measured from the export port to the
destination port through sea routes. Figure 5 addresses that the
cost development has been very different marketwise if one
compares it in percentages from 2001 to 2009. The transpor-
tation costs to country 3 have increased heavily, over 50 per-
cent since 2001. On the other hand, transport costs from Fin-
land to country 2 have varied annually, yet in the end remained
on the level of 2001. One reason for this low increase of
transport costs is the quickly diminishing paper deliveries
from Finland that have gone down from 10 million tons in
Fig. 3 Development index of the manufacturing costs during 2000-9/
2014 in the Finnish paper mills. Source: [48]
Fig. 4 Development of the transportation costs to the four export
countries separately and in average 2001–2009
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2006 to the estimated 6,5 million tons in 2013 [27, 62]. The
sea transportation route to the country 3is the longest, and
there are several multimodal transport means. Moreover, the
bunker price increase had been heavy since 2001. In the lon-
ger sea routes from Finland there are less competition between
shipping companies. The aforementioned observations were
the main reasons that the total transport costs increased heavi-
ly. The impacts of bunker costs on country 2 were not severe
because the sea route is much shorter and there is heavy com-
petition between shipping companies due to lowering freight
volumes. In these markets, the logistics firms, such as truck
and sea freight companies, have to fight fiercely with each
other for the reduced and remaining cargo volumes. This has
partially helped in keeping transportation costs at a relatively
low level for some markets (country 2).
Several experts have forecasted that the price of the bunker
fuel MDO containing max. 0.1 percent sulphur will be as
much as 100 percent more expensive than the HFO per metric
ton. However, we heavily doubt that the MDO prices will
double. The future indexes support this opinion (see e.g.
[15]). Figure 6 presents a simulation where the transportation
costs per ton have been forecasted, assuming that the price of
the MDO will increase from 0 up to 100 percent from the
present state. As background information, Notteboom et al.
[46] have examined that the percentage of a ship’s fuel costs
out of its total operating costs vary heavily depending on the
ship type (25–65 %). In our forecasting calculations we have
used 45 percent as cost-coefficient. Transportation costs from
Finland to Central Europe include sea freights, which are circa
¾ of the total transportation costs per ton [34]. Based on our
mill data, we have assumed that the total logistics costs, for
example, are 100 €/t, and the total sea freights are 75 percent
of the logistics costs, thus 75 €/t. Thus other costs, such as port
and land transport costs, are 25 €/t. Therefore, if fuel costs are
45 percent of a ship’s costs we can assume that these constitute
round 33.75 €/t of sea freights. Hence, if fuel costs increase by
50 percent when changing from HFO to MDO, then they (sea
freights) will increase by 16.88€/t, and thus total logistics
costs will be 116.88 €/t.
In Fig. 6, the starting value is anticipated to be the price in
2015 with no impact from the upcoming SECA-directive.
Figure 6 shows how the increasing price of low sulphur bun-
ker fuel will strongly affect the transportation costs per ton.
Naturally, prices increase differently in various markets due to
transportation modes, distances and sea freight volumes. If the
estimated MDO price increases in the SECA-region, as e.g.
Notteboom et al. [47] and Trafi [60] anticipate, impacts could
be severe for the Nordic export industry. These inevitable cost
increases in the whole logistics chain are not easy to eliminate
by increasing sales prices in the paper industry [48].
In Finland the logistics costs from turnover are averagely
14 percent, also covering transportation abroad [54]. Howev-
er, in the export industry, thus in the Nordic paper industry,
average logistics costs are closer to 17 percent or even more
[35]. Figure 7 shows how the percentage from turnover could
increase in our case mill from 2015 onward. In this research
the percentage of sea freights in logistics costs varies from
country to country from 65 to 75 percent, so the change of
bunker price affects differently to total transport and logistics
costs. Therefore comparing counties a strong assumption is
that it is very difficult to increase a turnover in the paper sector
due to heavy competition in the European paper markets. Our
estimation is that the Nordic bulk industry will be widely
affected analogously to the paper industry because of the
SECA-decision. In the middle of Europe, the mills are not
really affected by the SECA, but certainly the mills in Finland
and Sweden will be affected. Nevertheless, all European print-
ing paper manufacturers have been affected by the digitaliza-
tion of society since 15 years back. This seems to be an evi-
table process. The recent announcement provided by a large
Finnish paper manufacturer informed about a close for 800
000 thousand tons in paper production in Europe in 2015. In
Fig. 5 Development of the transportation costs to the four export
countries separately and in average 2001–2009
Fig. 6 Forecast of the transportation costs (€/T) if bunker fuel (MDO
0,1 % sulphur content) price increases from 0 to 100 %
Eur. Transp. Res. Rev. (2015) 7: 8 Page 9 of 13 8
Finland, the UPM closes 550 000 tons, thus two large paper
lines [61]. One reason for these closings was announced to be
the lowering demand in Europe and the reduction of the var-
iable, the logistics costs. Figure 7 highlights that transportation
costs to the main markets can take over one fifth of the invoic-
ing, if the price of bunker fuel will rise by 100 percent (country
3). The share of the logistics costs is not changing in linear.
There seems to be a breakpoint at 50 percent. Heavy increase
in fuel cost would have a direct and strong impact on logistics
costs, and the bulk paper industry has very difficult time to
adapt to such changes due to low margins. If fuel costs in-
crease by 100 percent, it will have severe impacts on the
Nordic paper production and sea transportation demand.
The short ferry routes to Sweden and Estonia together with
truck transportation are also used, especially in transportation
to East European markets and with smaller volumes to other
Nordic Countries. Truck transportation is very cost-
competitive in these smaller markets, and trucks from the
Eastern Europe are loaded full at the mill and driven directly
to customers. Short sea shipping is used in larger and more
constant deliveries to Central and Southern Europe. In the
paper industry delivered volumes per country can be in tens
of thousands of tons, and therefore short sea shipping to larger
markets in Southern Europe and the United Kingdom is con-
sidered to be a reasonable transport method. The paper com-
panies own logistics service providers such as stevedores. In
Finland, railways are used in transportation only to the Rus-
sian markets.
Margins in paper production are very low, and all the extra
transport costs based on a higher fuel price are off from the
margins and net profit. There is no possibility to compensate
this by higher sales prices or by selling more paper to the very
small domestic markets. The sea leg is an obligatory cost
factor.
A highly interesting scenario is to see and forecast how the
SECA-decision can impact profitability of the case site and in
general, as well. Figures 8 and 9 present how the sulphur
decision could impact profitability in different markets from
the point of view of our case mill. Raw oil prices are estimated
to stay at their present level partly due to global economical
development but also due to the increased shale gas produc-
tion, especially in the USA. According to the American Pe-
troleum Institute [6], shale gas and unconventional gas pro-
duction are forecasted to increase from 42 percent of total US
gas production in 2007 to 64 percent in 2020. As to the cleaner
MDO, which is not really known, one big question is the
demand – supply balance in 2015, and its increasing price
speculations. Most of the vessels moving in the Baltic Sea will
start to use theMDO in 2015, because engines will not be able
to use LNG or methanol, and the HFO+scrubber technology
is not considered reliable or cost-competitive in continuous
use in the low-salt waters of the Baltic Sea [5]. Figures 8
and 9 address that the SECA-directive has a different impact
on profitability, and this should be considered as an important
finding. If fuel costs increase by 100 percent, profitability in
the main market areas can drop by 30-35 percent. The average
values presented in many high-level studies on how the sul-
phur directive can influence the economy of industry sectors
do not really reveal how negatively these environmental reg-
ulations might affect a company-level economy. The Finnish
and other Nordic paper mills are using sea transport when
taking their products to the European markets (four countries
presented in the paper are the main markets for the case mill’s
production). There are not alternative modes to take paper
rolls and sheets to these countries, only truck/train – short
sea shipping – truck/train transportation.
Figure 9 shows how the consequences of the SECA-
decision can make one large market devastatingly unprofitable
Fig. 7 Change of logistics costs in % of turnover, if bunker fuel costs
increases 0, 50, 75 or 100 %
Fig. 8 Anticipated development of net profits in countries 1, 3 and 4, if
fuel costs rise by 0, 50, 75 or 100 %
8 Page 10 of 13 Eur. Transp. Res. Rev. (2015) 7: 8
for a mill, if the worst oil price scenarios materialize. Large
Nordic mills and other bulk industries are exporting products
up to 100 countries globally; therefore there is a real need for
profound market analysis of the demand, product prices, and
the relevant cost and eco-efficient transportations means and
routes. In the future, the Nordic industry must adapt by different
means to serve European customers, as ecologically and cost-
efficiently as possible, and even by relocating bulk manufactur-
ing to more affordable places.
7 Discussion and conclusions
In this paper, we made scenarios on how the upcoming emis-
sion restrictions for maritime transportation (the SECA-
directive) will impact the Nordic export industry. The main
target of this article was to reveal how the exchange of fuel
from the HFO to the MDO will impact the Nordic industry
economy. We used a case study method to research and reveal
impacts of the SECA-directive. The IMO [38] and The Euro-
pean Parliament [23, 22] have stated that sulphur emissions
from ships must be reduced substantially in Europe, and the
region where sulphur content of bunker fuel should be max.
0.1 percent was named as the Sulphur Emission Control Area.
Currently vessels in the Baltic Sea can use bunker fuel, which
has max. 1.0 percent sulphur content, so the new limit value is
ten times less than the existing level. A problem is observed
when we compare the prices of the fuels with each other.
Experts [21, 47] have carried out several assumptions on
how much the bunker price for the MDO will rise in 2015
compared with the HFO bunker. According to Bunkerworld
[12], the current price of MDO (0.1 %) is 50 percent higher
than the price of the HFO (1.0 %). Scrubber technology is not
considered mature and reliable enough in the Baltic Sea envi-
ronment, and the final costs of the scrubbers have also not
been studied substantially (see e.g. [11]). However, recent
raw oil price development during 2014 and 2015 has been
positive from ship owners’ perspectives: price of oil barrel is
circa 50 USD (2015).
In the recent Ship Owner Barometer, about 88 percent of
the ship owners announced they will use the MDO in their
ships in 2015 and onward. The barometer covered 262 ships
sailing in the Baltic Sea. Results of this case study strongly
indicate that the sulphur directive has direct impacts on the
economy of the Nordic bulk industry. When bunker fuel
prices increase from year 2015 onward, it reflects directly to
sea freight prices in the SECA-region. If the MDO cost were
to be 100 percent more than the HFO’s, it could increase the
average transportation costs per ton from site to customer by
more than 20 percent. The results highlight that location and
transportation geography characteristics are important for the
mills’ results, as Arbia [7] argues.
The sulphur directive will probably indicate that from 2015
onward Central European paper mills and other manufactur-
ing industries will benefit from outside the traditional business
environment. The results of this study can be highlighted as
follows:
& The impacts of the sulphur directive will vary heavily
from market to market.
& Transportation costs from Finland to Europe can increase
by average more than 20 percent in €/t; this can also be an
underestimation.
& Profitability can drop by tens of percentage due to more
expensive logistics.
& The European market is not easily replaced by
transporting paper products overseas due to global over-
capacity of printing paper.
& Logistics costs’ percentage in turnover will increase in the
Nordic countries
The sulphur directive strongly affects companies’ ability to
stay in business, and there are some managerial implications
that should be considered:
& The bulk industry should focus its efforts in building al-
ternative logistics corridors more cost-efficient from site to
end customers.
& Alternative logistics corridors from the Nordic countries
should be examined.
& Affordable raw material and energy resources should be
revealed to compensate new environment-based logistics
costs.
In Finland and other Nordic countries there are no realistic
modes to replace short sea shipping. Finland and even
Fig. 9 Anticipated net profit development (%) in country 2, if fuel costs
rise by 0, 50, 75 or 100 %
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partially Sweden are more or less islands from logistics view-
points. The paper focused to reveal how higher bunker costs
would reflect to logistics costs and the paper margins, because
the shipping companies are not able to adapt to the higher
costs inherited with higher operating costs. The mills and
shipping companies are normally making long-term agree-
ments to secure the delivery timetables, and to have better
future knowledge about the logistics costs.
The Nordic companies have been examined somewhat
marginally from the point of view of the SECA-directive,
and how it will affect the cost-efficiency of the industry. The
continuously diminishing paper demand in Europe together
with emission regulations in the shipping industry implement-
ed by the European Parliament can bring out severe challenges
for the Finnish paper producers in the near future. Additional
paper machine and mill closures can be expected; they are
done in order to be able to balance the supply-demand equi-
librium. The large global paper companies are answering to
these challenges by relocating bulk paper production from the
periphery closer to the markets. This study revealed that there
is clearly a need to make profound feasibility studies and
academic research about the upcoming environmental deci-
sions and their impacts on the economy and environment.
According to the Green Paper [24] new environmental di-
rectives are being planned, and they aim to lower harmful
shipping emissions in addition to the existing regulations. This
study addressed that there is a clear need beforehand to make
profound feasibility studies and academic research about the
upcoming environmental decisions and their impacts on the
economy and the environment. Many actors and stakeholders
have considered that the SECA-decision and its economic
impacts on shipping and logistics industry and freight owners
were not examined carefully before the decision was made.
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